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1. INTRODUCTION

Ion conducting poly(ethylene oxide) (PEO)
has been attracting a great deal of attention
because of possible applications as a solid
state electrolyte (1-18). As electrical
relaxation has proved a useful technique in the
study of polymers, such studies of PEO complexed
with various thiocyanates were undertaken and
the results are presented in the present work.

2. EXPERIMENT

Audio frequency measurements of the
capacitance, C, and the conductance, G, divided
by the frequency, were performed using a fully
automated, microprocessor controlled bridge
constructed by one of the authors (C.G.A.).
The bridge balances the sample against a known
capacitance and resistance in parallel. It
operates at the five frequencies given by log(f)=
2, 2.5, 3, 3.5 and 4 with f in Hz. The bridge is
at least as sensitive and accurate as the best
commercially available manual bridge.

The measurements were performed in a
Cryogenics Associates temperature controlled
dewar with an eight sample holder. The eight
sample holder allows essentially simultaneous
measurement of eight different specimens, thus
allowing a useful comparison of materials. The
data were taken with the temperature held
constant with approximately one hour allowed for
equilibration at high temperatures decreasing to
about 20 minutes at the lowest temperatures.
Above 45K the temperature is measured using a
Rosemount Eng. Co. platinum resistance
thermometer and below 45K it is measured using a
CryoCal Inc. germanium resistance thermometer.
The temperature is controlled using a 27 Hz
feedback temperature controller and in general
was controlled to within 0.001K. The absolute
temperature is probably accurate only to about
O.1K. Other results obtained using this system
are given elsewhere (19-24).

Films of PEO (Polysciences, MW 5x0 6)
complexed with various salts were obtained by
preparing solutions of the materials and casting
the liquid on a teflon plate. The films were
degassed and air dried. All operations were
performed at room temperature though the
dissolution of the salts was usually performed
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at about 70C. The proportion of polymer repeat
unit to salt was 4.5 to 1 for NaSCN and KSCN and
5 to I for LiSCN. The films were finally vacuum
dried at 60C for about 24 hours. In addition,
the samples are actually dried a second time
under vacuum in situ since all measurements are
performed under vacuum and initially the
temperature is increased to about lOOC. This
procedure takes place over about 10 hours. In
some cases acetonitrile was used as the solvent,
but in general, methanol proved to be more
effective.
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The samples were disks ranging from 0.25 to
1 mm thick and about 1.5 cm in diameter.
Aluminum electrodes were evaporated onto the
surfaces. While one electrode covered one full
surface, the other electrode was only about 0.9
cm in diameter for convenience of loading into
the sample holder, which was originally designed
for other purposes.

This procedure limits the accuracy of the
complex dielectric constant, c*=cI-jc", or the
conductivity, asince the usual equations:

A
C (1)

or

G cA (2)

are not strictly applicable because of the
geometry. e 0 is the permittivity of free space
and A and d would be the area and thickness of a
perfect parallel plate specimen. However, since
absolute conductivities are not the primary

* subject of the-present paper, eqs. (1) and (2)
were applied anyway using the average area of
the two faces for A. Further, no thermal
expansion correction factor was included because
of an apparent lack of literature values for PEO.
The geometrical factor, A/d, was only measured
at room temperature and c' at 300K and 1000 Hz
calculated from eq. (1). The values of c' at all
other frequencies and temperatures were
calculated assuming that El varies as the
capacitance. The values of e" were then
calculated from:

C Dc-(3)

and the conductivity was obtained from:

a C 0C"W.(4)

These procedures place the absolute accuracy at
about 10%. However, the relative uncertainty in
CI'or a is far better since both G/w and C are
measured to about I aF for values up to 10 pF
and to five significant figures above that.
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Differential scanning calorimeter (DSC)
measurements were carried out using a Perkin
Elmer DSC-lB instrument. The measurements
were performed over the temperature range 190-
450K at a rate of lOC per minute. The
instrument has a 15C maximum temperature error
over the range studied.

3. RESULTS AND DISCUSSION

The results for s' and e" or a at three
frequencies are shown in figs. (1)-(4) along

-., with the significant portions of the DSC traces
for the pure and complexed materials. For
clarity, the electrical data are shown for
decreasing temperatures only and the lines
connect the datum points. To show a typical
distribution of datum points, one complete set
of 1000 Hz results are plotted in fig. (5).

In general, the low temperature values of C'
for the complexed materials are found to be
higher than for pure PEO. The difference is
attributed primarily to the polarization of the
"ionic sublattice" at low temperatures.

The results for the high temperature con-
ductivity plotted in figs. (2d), (3d), and (4d)
show varying amounts of dispersion. The
apparent lower conductivity for lower frequencies
and high temperatures is attributed to blocking
electrode effects. However, in all cases, there
is very little difference (usually less than 1%)
between values of a at 103 .5 and l04 Hz and thus
the values at l04 Hz well represent the con-
ductivity of the samples. Further evidence for
this assertion is given in figs. (3d) and (4d)
where the results of Wright (2) are plotted in
addition to the results of the present work.
The agreement is quite good considering the
uncertainty in the data and other possible
variations such as sample preparation technique
or water content.

3.1. Pure PEO

The results for a methanol based pure PEO
sample are shown in fig. (1). The results for
acetonitrile based films are identical. Several
features are apparent. First, the aa and y
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relaxations, which have been observed by other
workers (25-34), are seen in fig. (1c). The
notation is chosen to be consistent with books
on the subject (25,26), however, several other
workers use different nomenclatures (28,30-34).

The aa relaxation is associated with the
glass transition. This is confirmed by the DSC
results shown in fig. (lc). The y relaxation
is ascribed to small scale motion of the main
chains, and has been variously attributed to a
"crankshaft mechanism" (35,36), "3-bond" or
"4-bond" motions (37,38), "chain end hydroxyl
groups" (26), or the "tg+t Z tg-t" transition
(33). A consistent interpretation of the
present results can be made in terms of the
latter mechanism.

A third relaxation is apparent in fig. (ld)
which is superimposed on the DC conductivity.
The peak position Is close to a mechanical
relaxation peak reported by Connor et al. (29)
or Kalfoglou (39) and thus probably corresponds
to the ac relaxation which is associated with
the crystalline phase.

Evident at higher temperatures still is the
solid-liquid transition of the pure PEO. The
IC peak occurs at a higher temperature than
the conductivity anomaly. A major contribution
to this effect is that the conductivity data
were taken by slowly decreasing temperature and
the DSC data are for rapidly increasing
temperatures. Thus, the hysteresis is not
surprising. Further, the DSC peak is about
5-10C higher than that reported by Kusy and
Turner (40) for similar molecular weight
samples. This is within the error of the present
instrument but may imply that it is biased
toward high temperatures, in this temperature

"-" range at least.
- These features are to be compared with the

following results for PEO complexed with
various alkali metal thtoc.",nates.

3.2. PEO-AM(SCN)

The results for PEO complexed with some alkali
metal thiocyanates are shown in figs. (2)-(5).
The Oa relaxation which occurs at about 224K and
10,000 Hz in pure PEO is absent in all of the
complexed materials. This is consistent with
the present DSC measurements as no thermal
anomalies are observed in the vicinity of 224K
for any of the complexed samples.

7
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This indicates that no amorphous, pure PEO
exists in the complexed materials. The
remaining possibilities are crystalline PEO and
various forms of complexed PEO. The DSC results
rule out the presence of pure crystalline PEO
for PEO-LiSCN and PEO-KSCN as no thermal anomaly
is found where pure PEO is expected to melt (about
350K). For PEO-NaSCN there is an endotherm in-
the region of 350K. This type of behavior has
previously been observed by Lee and Wright (5) in
PEO-NaSCN showing none of the x-ray patterns
characteristic of pure PEO. Therefore, in the
light of the results of Lee and Wright, and the
results for our lithium and potassium complexed
material prepared using the same procedures, it
is concluded that this endotherm is not due to
melting of pure PEO and that, in fact, all the
samples are fully complexed.

As regards the nature of the transition in
PEO-NaSCN and PEO-KSCN (endotherm at about 400K),
Lee and Wright attribute it to disording of the
complexed material within the network of chains
between the lamellae (their phase II). That
these materials are highly crystalline and thus
allow for interlamellae material is consistent
with the observations of Papke et al. (10). It
is noted that the dominant thermal features for
PEO-NaSCN and PEO-KSCN occur at higher
temperatures than the discontinuity in conductivity
for each material. The temperature difference is
due to the hysteresis effect and DSC calibration
error discussed above for pure PEO.

In contrast, PEO-LiSCN shows a very strong
glass transition which is observed at about 290K
as can be seen from the DSC results of fig. (2d).
In samples not heated above 340K (fig. (2d)),
there is a corresponding anomaly in the con-
ductivity. Samples taken to higher temperatures
do not exhibit this feature and in addition,
have a lower conductivity at all temperatures.
Based on the nature of the thermal anomaly and
the fact that the samples are rubbery at room
temperature, it is concluded that our PEO-LiSCN
is highly amorphous. It is suggested that the
amorphous character of the lithium complexed
material is due to the presence of water, since
the LiSCN was initially hydrated and attempts
to remove the water of hydration were only
partially successful. This conclusion is
consistent with the observations of Weston and
Steele (41) who find that polymers complexed
using "wet" solvents were amorphous while those
made using "dry" solvents were more crystalline.

8
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For the pure PEO, PEO-LiSCN, and PEO-NaSCN
samples, the y relaxation occurs at about 195K
and 10,000 Hz and is similar in the three
materials. The possibility that pure PEO is
present in the complexed material has already
been ruled out. Further, the intensity of
the y relaxation in the complexed materials is
not diminished from that in pure PEO. Con-
sequently, there appears to be no difference in
the y relaxation between pure PEO and PEO-LiSCN
and PEO-NaSCN. These results must be reconciled

7.
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with the results of Parker et al. (4) who con-
clude from x-ray work that the chains in the
complexed materials are contracted. In this
regard, the ttg+ttg- structure of the complexed
material due to Papke et al. (10) is relevant.
In fact, both the "tg+t tg-t" and "chain end
hydroxyl group" mechanisms would be expected to
be relatively unaffected by a shortening of
the chains. However, as shown below, only the
former mechanism is consistent with the results
for PEO-KSCN.

Parker et al. (4) also suggest that the
structure of the complexed material .is a double
helix rather than two single chains. At first
sight, it would appear that the results of the
present work are inconsistent with a double
helix as it might be expected that the tg+t ++
tg-t transition and hence the y relaxation
should be affected more than is observed.
However, as these considerations are only
intuitive, the possibility of a double helix
cannot be ruled out. This is particularly
true since the considerations of Parker et al.
(4) help explain the results for PEO-KSCN.

As seen in fig. (4c), three peaks are observed
in PEO-KSCN in the region of the y relaxation.
Three peaks are observed in PEO-KSCN prepared
with both methanol and acetonitrile thus ruling
out solvent effects. The explanation for this
is that the lithium and sodium ions fit easily
within the helical tunnels while potassium,
being larger, produces more severe local
distortions in the polymer chain. The distortions
in turn introduce an inequivalence between the
potential wells or barriers associated with the
y relaxation. In fact, Parker et al. (4) have
pointed out that "calculations show that lithium
and sodium ions may be readily accommodated within
the cavities but that potassium ions are barely
accommodated and require that two of the C-C bonds
adopt rotation angles within the trans domain."
As the y relaxation is associated with the C-O
bond, just this difference may be responsible for
the difference in the relaxation spectrum between
PEO-KSCN and the other alkali metal thiocyanates.
Further, the differences in the relaxation spectrum
are probably correlated with the differences in the
IR spectra for PEO-NaSCN and PEO-KSCN reported by
Papke et al. (10).

Finally, the results for PEO-KSCN rule out the
"chain end hydroxyl mechanism" for the y relaxation
since it is difficult to understand how the

10
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cations could have such a significant effect on
the chain ends for PEO-KSCN but not for PEO-
LiSCN or PEO-NaSCN.

4. SUMMARY

In summary, then, several results have been.
obtained by a complex admittance and DSC study
of pure PEO and PEO complexed with various alkali
metal thiocyanates:
(1) The dielectric constant of the complexed
materials is found to be greater than that for
pure PEO.
(2) A discontinuity in the conductivity is
found which decreases in temperature as the size
of the cation decreases. Each discontinuity is
correlated with a thermal anomaly.
(3) PEO-LiSCN is amorphous at low temperatures
while PEO-NaSCN and PEO-KSCN are highly
crystalline. It is suggested that the
amorphous phase is easier to form in the presence
of water.
(4) For PEO-LiSCN and PEO-NaSCN, the position
of the y relaxation is about the same as for
pure PEO. For PEO-KSCN three relaxations are
observed in the region of the y relaxation.
These results are consistent with a tg+t 4 tg-t
relaxation of a helical structure where the

*{ cations reside within the helical channels at
low temperatures.

ACKNOWLEDGMENTS

The authors would like to thank D.F. Shriver
and R. Dupon of Northwestern University, A.V.
Chadwick and M. Worboys of the University of
Kent at Canterbury, U.K., and D.R. Figueroa of
Simon Bolivar University, Caracas, Venezuela
for many helpful discussions. This work was
supported in part by the Office of Naval
Research.

• 11



REFERENCES

(1) D.E. Fenton, J.M. Parker and P.V. Wright,
Polymer 14 (1973) 589.

(2) P.V. Wright, Br. Polymer J. 7 (1975) 319.
(3) P.V. Wright, J. Polymer Sci.: Polymer

Phys. 14 (1976) 955.
(4) J.M. Parker, P.V. Wright and C.C. Lee,

Polymer 22 (1981) 1305.
(5) C.C. Lee and P.V. Wright, Polymer 23 (1982)

681.
(6) D.R. Payne and P.V. Wright, Polymer 23

(1982) 690.
(7) W.I. Archer and R.D. Armstrong, Electro-

chimica Acta 25 (1980) 1689.
(8) W.I. Archer and R.D. Armstrong, Electro-

chimica Acta 26 (1981) 167.
(9) R. Dupon, D.H. Whitmore and D.F. Shriver,

J. Electrochem. Soc. 128 (1981) 715.
(10) B.L. Papke, M.A. Ratner and D.F. Shriver,

J. Phys. Chem. Solids 42 (1981) 493.
(11) B.L. Papke, R. Dupon, M.A. Ratner and D.F.

Shriver, Solid State Ionics 5 (1981) 685.
(12) D.F. Shriver, B.L. Papke, M.A. Ratner, R.

Dupon, T. Wong and M. Brodwin, Solid State
Ionics 5 (1981) 83.

(13) B.L. Papke, M.A. Ratner and D.F. Shriver,
J. Electrochem. Soc. 129 (1982) 1434.

(14) B.L. Papke, M.A. Ratner and D.F. Shriver,
J. Electrochem. Soc. 129 (1983) 1694.

(15) R. Dupon, B.L. Papke, M.A. Ratner, D.H.
Whitmore and D.F. Shriver, J. Am. Chem.
Soc., to be published.

(16) M.B. Armand, J.M. Chabagno and M.J. Duclot,
in: Fast ion transport in solids, eds. P.
Vashishta, J.N. Mundy and G.K. Shenoy (North-
Holland, Amsterdam, 1979) p. 131.

(17) F.L. Tanzella, W. Bailey, D. Frydrych and
H.S. Story, Solid State Ionics 5 (1981) 681.

(18) J.E. Weston and B.C.H. Steele, Solid State
Ionics 5 (1981) 347.

(19) C. Andeen, G.E. Matthews, Jr., M.K. Smith

and J. Fontanella, Phys. Rev. B19 (1979)
5293.

(20) M.C. Wintersgill, j.J. Fontanella, R.
Saghafian, A.V. Chadwick and C.G. Andeen,
J. Phys. C: Solid State Phys. 13 (1980) 6525.

(21) J. Fontanella, D.J. Treacy and C. Andeen,
J. Chem. Phys. 72 (1980) 2235.

(22) J.J. Fontanella, M.C. Wintersgill, P.J.
Welcher, A.V. Chadwick and C.G. Andeen,
Solid State Ionics 5 (1981) 585.

12



(23) C.G. Andeen, J.J. Fontanella, M.C.
Wintersgill, P.J. Welcher, R.J. Kimble and
G.E. Matthews, Jr., J. Phys. C: Solid State
Phys. 14 (1981) 3557.

(24) R.J. Kimble, Jr., P.J. Welcher, J.J.
Fontanella, M.C. Wintersgill and C.G. Andeen,
J. Phys. C: Solid State Phys. 15 (1982) 3441.

(25) N.G. McCrum, B.E. Read and G. Williams,
Anelastic and Dielectric Effects in Polymeric
Solids, (John Wiley & Sons, New York, 1967).

(26) P. Hedvig, Dielectric Spectroscopy of
Polymers, (Adam Hilger Ltd., Bristol, 1977).

(27) B.E. Read, Polymer 3 (1962) 529.
(28) Y. Ishida, M. Matsuo, S. Togami, K. Yamafuji

and M. Takayanagi, Kolloid Z. 183 (1962) 74.
(29) T.M. Connor, B.E. Read as., G. Williams, J.

Appl. Chem. 14 (1964) 74.
(30) Y. Ishida, M. Matsuo and M. Takayanagi,

Polymer Letters 3 (1965) 321.
(31) K. Hikichi and J. Furuichi, J. Polymer Sci.

A3 (1965) 3003.
(32) K. Arisawa, K. Tsuge and Y. Wada, Jap. J.

Appl. Phys. 4 (1965) 138.
(33) T. Suzuki and T. Kotaka, Macromolecules 13

(1980) 1495.
(34) K. Se, K. Adachi and T. Kotaka, Polymer

Journal 13 (1981) 1009.
(35) T.F. Schatzki, J. Polymer Sci. 57 (1962) 496.
(36) R.F. Boyer, Rubber Rev. 35 (1963) 1303.
(37) B. Valeur, J. Jarry, F. Geny and L. Monnerie,

J. Polymer Sci.: Polymer Phys. 13 (1975) 667.
(38) B. Valeur, L. Monnerie and J. Jarry, J.

Polymer Sci.: Polymer Phys. 13 (1974) 675.
(39) N.K. Kalfoglou, J. Polymer Sci.: Polymer

Phys. 20 (1982) 1259.
(40) R.P. Kusy and D.T. Turner, Macromolecules

10 (1977) 493.
(41) J.E. Weston and B.C.H. Steele, Solid State

Ionics 7 (1982) 81.

13

I



41 L

611

C) *-j 0- 4

Co 4.A c4 W

-~ 0 4-' I

oo to 0
o Edo 4-'

OCL. LLn

L. 4) J
oL a, >e-

In u 0. 1 CD

- 4.1 In C) *

*8~ 61 to ' -

S.. -- ..

~ In t)

C) -

4J 61 '4 - 0
In 0 -

41 I

4-' Ed 61 L.

'U -

£ - u 0

4.) 5. 61 ..J1 4



0

Q#)

0o
LO V)

N CN 0

150



LO

Ln ~N0

bNol

16I



400 0

0 0

0 0-.- 0

17



OM0- on *b MOM

00

a ~LO

co C0

( .(L~U 4))O

18



CD

4 L.

L-C 4J

.0C t-

s *- 0) b4

N CL 4~-

1 .c 0--

o 0J 4-A W

u 4) L. I

10 0 0c'~

. L C

- 40 m C

o 4J .-

z 3 4 -O

N 0.

a CL
L .) A 4. C

LAJ CD 4W t

@3 0 19

000
LA - 0

19 ,



0

0

CNN

200



Loo

i 21



0

0

0\

0

0

10 0~ 0
o 0 0 0

22



C\j

Co

I" 0

00 0 -*

I(OW0))O

I2



S- 4J

C)

UCL

(U @

U0 L.

o o

CD 4 -- *.

W CD 4
0 C, - CD

o to Wf

- ai U ~
oa L. t

cn %- t
4- 3 41
u =

N 0-
4J M 4-.-

oal

o4- 4J C)

m 03 41

@3 U w06 U
C 4-1 0 0

L EU = 0 C
C 4) r~ C

S0 4
41 0 0

E 4-) 0 4-
C, U (

@3 0 - 24



0

0
N

CYCo

0

CNN

250



N

(0

C*4

26



........ 0

00

0 000

270



+N 0
+0

*0

0o

rn L+

(t.(W-WqOD)(0

28'



CM

C > E

U 0 U~
ul

~ L 4.1

CD

L J 0i. 0
=V 4J 4J

Go EU

to o .
u~ au

V L

* %J 0
N1 4. 4A

iV 4- a, (D

a, 4u

M EU 4- 0

'a U

En N. .
EU U .1 E
a a, a

L-.C 4-

I- m- 0 a

a,.- u ~

29~



0

NN.N

300



CN
~~0

31



LOn

01 C';

3/2



Ti)

00

+0 (I) NL

(t(W U0'DBO

+ 33

+L



CL

L- 4)

4- L
E

0- 4-

CL

0.

4-) CO

0.

0 0 A

C) a

4)0

C Li

C:

0 03

o N4-)

0-~

0 0 cu

*L- - 4.j

- 34



0

0 F

0

: 0 0

13

0 0: 0

:S . . "

.:



C\J

100

00 0

((w-wqo)n)5O-1

36



;i 472:GAN:716-4
94/GEN

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No. No.
Copies Copis

Office of Naval Research Naval Ocean Systems Center
Attn: Code 413 Attn: Mr. Joe McCartney
800 North Quincy Street San Diego, California 92152
Arlington, Virginia 22217 2

Naval Weapons Center
- ONR Pasadena Detachment Attn: Dr. A. B. Amster,

Attn: Dr. R. J. Marcus Chemistry Division
1030 East Green Street China. Lake, California 93555 1
Pasadena, California 91106 1

Naval Civil Engineering Laboratory
Commander, Naval Air Systems Command Attn: Dr. R. W. Drisko
Attn: Code 310C (H. Rosenwasser) Port Hueneme, California 93401
Department of the Navy
Washington, D.C. 20360 1 Dean William Tolles

Naval Postgraduate School
Defense Technical Information Center Monterey, California 93940
Building 5, Cameron Station
Alexandria, Virginia 22314 12 Scientific Advisor

Commandant of the Marine Corps
* Dr. Fred Saalfeld (Code RD-i)

Chemistry Division, Code 6100 Washington, D.C. 20380
Naval Research Laboratory
Washington, D.C. 20375 1 Naval Ship Research and Development

Center
U.S. Army Research Office Attn: Dr. G. Bosmajian, Applied
Attn: CRD-AA-IP Chemistry Division
P. 0. Box 12211 Annapolis, Maryland 21401
Research Triangle Park, N.C. 27709 1

Mr. John Boyle
- Mr. Vincent Schaper Materials Branch

DTNSRDC Code 2803 Naval Ship Engineering Center
Annapolis, Maryland 21402 1 Philadelphia, Pennsylvania 19112

Naval Ocean Systems Center Mr. A. M. Anzalone
Attn: Dr. S. Yamamoto Administrative Librarian

*Marine Sciences Division PLASTEC/ARRADCOM
San Diego, California 91232 1 Bldg 3401

Dover, New Jersey 07801

I.I



472:GAN:716-4
94/359

TECHNICAL REPORT DISTRIBUTION LIST, 359

No. No.
Copies Co ie

Dr. Paul Delahay Dr. P. J. Hendra
Department of Chemistry Department of Chemistry
New York University University of Southampton
New York, New York 10003 Southampton SOO 5NH

United Kingdom
* "Dr. E. Yeager
- Department of Chemistry Dr. Sam Perone

Case Western Reserve University Chemistry & Materials
Cleveland, Ohio 41106 1 Science Department

Laurence Livermore National Lab.
Dr. D. N. Bennion Livermore, California 94550
Department of Chemical Engineering
Brigham Young University Dr. Royce W. Murray

* Provo, Utah 84602 1 Department of Chemistry
University of North Carolina

Dr. R. A. Marcus Chapel Hill, North Carolina 27514
Department of Chemistry
California Institute of Technology Naval Ocean Systems Center
Pasadena, California 91125 1 Attn: Technical Library

San Diego, California 92152
*. Dr. J. J. Auborn

Bell Laboratories Dr. C. E. Mueller
* Murray Hill, New Jersey 07974 1 The Electrochemistry Branch

Materials Division, Research and
Dr. Adam Heller Technology Department
Bell Laboratories Naval Surface Weapons Center
Mucray Hill, New Jersey 07974 1 White Oak Laboratory

Silver Spring, Maryland 20910
Dr. T. Katan
l.ockhieed Missiles and Dr. G. Goodman

Space Co., Inc. Johnson Controls
- P. 0. Box 504 5757 North Green Bay Avenue
- Sunnyvale, California 94088 1 Milwaukee, Wisconsin 53201

Dr. Joseph Singer, Code 302'-1 Dr. J. Boechler
N AS A-Lewis Electrochimica Corporation
21000 Brookpark Road Attn: Technical Library
Cleveland, Ohio 44135 1 2485 Charleston Road

Mountain View, California 94040
Dr. 3. Brummer
EIC Incorporated Dr. P. P. Schmidt
95 Chapel Street Department of Chemistry
Newton, Massachusetts 02t58 1 Oakland University

Rochester, Michigan 48063
Lj b -ar ,
1. al. Mallory and Company, Inc.
Northwest Industrial Park
Burlington, Massachusetts 01803 1

38S



472:CAN:716-4
94/359

TECHNICAL REPORT DISTRIBUTION LIST, 359

No. No.
Copies Copies

Dr. H. Richtol Dr. R. P. Van Duyne
Chemistry Department Department of Chemistry
Rensselaer Polytechnic Institute Northwestern University
Troy, New York 12181 Evanston, Illinois 60201

Dr. A. B. Ellis Dr. B. Stanley Pons
Chemistry Department Department of Chemistry
University of Wisconsin University of Alberta
Madison, Wisconsin 53706 1 Edmonton, Alberta

CANADA T6G 2C2
*Dr. M. Wrighton

Chemistry Department Dr. Michael J. Weaver
Massachusetts Institute Department of Chemistry

* of Technology Michigan State University
Cambridge, Massachusetts 02139 East Lansing, Michigan 48824

Larry E. Plew Dr. R. David Rauh
Naval Weapons Support Center EIC Corporation
Code 30736, Building 2906 55 Chapel Street

* Crane, Indiana 47522 1 Newton, Massachusetts 02158

S. Ruby Dr. J. David Margerum
DOE (STOR) Research Laboratories Division
600 E Street Hughes Aircraft Company
Providence, Rhode Island 02192 1 3011 Malibu Canyon Road

Malibu, California 90265
Dr. Aaron Wold
Brown University Dr. Martin Fleischmann
Department of Chemistry Department of Chemistry
Providence, Rhode Island 02192 1 University of Southampton

Southampton 509 5NH England
Dr. R. C. Chudacek
McGraw-Edison Company Dr. Janet Osteryoung
Edison Battery Division Department of Chemistry
Post Office Box 28 State University of
Bloomfield, New Jersey 07003 1 New York at Buffalo

Buffalo, New York 14214
Dr. A. J. Bard
University of Texas Dr. R. A. Osteryoung
Department of Chemistry Department of Chemistry
Austin, Texas 78712 1 State University of

New York at Buffalo
Dr. M. M. Nicholson Buffalo, New York 14214
Electronics Research Center
Rockwell International
3370 Miraloma Avenue
Anaheim, California

39



472:GAN:716-4
94/359

TECHNICAL REPORT DISTRIBUTION LIST, 359

No. No.
Copies Copies

Dr. Donald W. Ernst Mr. James R. Moden
Naval Surface Weapons Center Naval Underwater Systems
Code R-33 Center
White Oak Laboratory Code 3632
Silver Spring, Maryland 20910 1 Newport, Rhode Island 02840

Dr. R. Nowak Dr. Bernard Spielvogel
Naval Research Laboratory U. S. Army Research Office
Code 6130 P. 0. Box 12211
Washington, D.C. 20375 1 Research Triangle Park, NC 27709

Dr. John F. Houlihan Dr. Denton Elliott
Shenango Valley Campus Air Force Office of
Pennsylvania State University Scientific Research
Sharon, Pennsylvania 16146 1 Bolling AFB

Washington, D.C. 20332
Dr. D. F. Shriver
Department of Chemistry Dr. David Aikens
Northwestern University Chemistry Department
Evanston, Illinois 60201 1 Rensselaer Polytechnic Institute

Troy, New York 12181
Dr. D. H. Whitmore
Department of Materials Science Dr. A. P. B. Lever
Northwestern University Chemistry Department
Evanston, Illinois 60201 1 York University

Downsview, Ontario M3J1P3
Dr. Alan Bewick Canada
Department of Chemistry
The University Dr. Stanislaw Szpak
Southampton, S09 5NH England Naval Ocean Systems Center

Code 6343
Dr. A. Himy San Diego, California 95152
NAVS7EA-5433
NC #4 Dr. Gregory Farrington
2541 Jefferson Davis Highway Department of Materials Science
Arlington, Virginia 20362 and Engineering

University of Pennsylvania
Dr. John Kincaid Philadelphia, Pennsylvania 19104
Department of the Navy
Strategic Systems Project Office Dr. Bruce Dunn
Room 90L Department of Engineering &
Washington, D.C. 20376 Applied Science

University of California
Los Angeles, California 90024

40



472:GAN:716-4

94/359

TECHNICAL REPORT DISTRIBUTION LIST, 359

No. No.
Copies Copie

M. L. Robertson Dr. T. Marks
Manager, Electrochemical Department of Chemistry

and Power Sonices Division Northwestern University
Naval Weapons Support Center Evanston, Illinois 60201
Crane, Indiana 47522 1

Dr. D. Cipris
Dr. Elton Cairns Allied Corporation
Energy & Environment Division P. 0. Box 3000R
Lawrence Berkeley Laboratory Morristown, New Jersey 07960
University of California
Berkeley, California 94720 1 Dr. M. Philpot

IBM Corporation
Dr. Micha Tomkiewicz 5600 Cottle Road
Department of Physics San Jose, California 95193
Brooklyn College
Brooklyn, New York 11210 Dr. Donald Sandstrom

Washington State University
Dr. Lesser Blum Department of Physics
Department of Physics Pullman, Washington 99164
University of Puerto Rico
Rio Piedras, Puerto Rico 00931 1 Dr. Carl Kannewurf

Northwestern University
Dr. Joseph Gordon, II Department of Electrical Engineering

* IBM Corporation and Computer Science
K33/281 Evanston, Illinois 60201
5600 Cottle Road
San Jose, California 95193 1 Dr. Edward Fletcher

University of Minnesota
Dr. Robert Somoano Department of Mechanical Engineering
Jet Propulsion Laboratory Minneapolis, Minnesota 55455
California Institute of Technology
Pasadena, California 91103 1 Dr. John Fontanella

U.S. Naval Acade

Dr. Johann A. Joebstl Department hysics
USA Mobility Equipment R&D Command Annap s, Maryland 21402
DRDME-EC
Fort Belvior, Virginia 22060 1 Dr. Martha Greenblatt

Rutgers University
Dr. Judith H. Ambrus Department of Chemistry
NASA Headquarters New Brunswick, New Jersey 08903
M.S. RTS-6
Washington, D.C. 20546 1 Dr. John Wassib

Kings Mountain Specialties
Dr. Albert R. Landgrebe P. 0. Box 1173
U.S. Department of Energy Kings Mountain, North Carolina 28086 1
M.S. 6B025 Forrestal Building
Washington, D.C. 20595

41



472:AN:716-4
94/359

TECHNICAL REPORT DISTRIBUTION LIST, 359

No. No.

% Copies Copies

Dr. J. J. Brophy
University of Utah
Department of Physics
Salt Lake City, Utah 84112 1

Dr. Walter Roth
Department of Physics
State University of New York
Albany, New York 12222 1

Dr. Thomas Davis
National Bureau of Standards
Polymer Science and
Standards Division

Washington, D.C. 20234 1

*Dr. Charles Martin
Department of Chemistry
Te A&M University 1

Dr. Anthony Sammells
Institute of Gas Technology
3424 South State Street
Chicago, Illinois 60616

Dr. H. Tachikawa
Department of Chemistry
Jackson State University
Jackson, Mississippi 39217

Dr. W. M. Risen
Department of Chemistry

. Brown University
Providence, Rhode Island

42

S-!



E C U I T Y C L A S S I F I C A T I O N O F T H I S P A G E ( w h e n p st e n t e r d ) R E ADI N S T R U C T I O N S

REPORT DOCUMENTATION PAGE BEFORE COMPLETNG FOR
N EPOT NUM11r a. GOVT ACCESSION NO. 3 RECiPlENt S CATALOG NUMBER

6

4. TITLE (end Subtitle) S. TYPE OF REPORT 6 PERIOD COVERED

ELECTRICAL RELAXATION IN PURE AND ALKALAI METAL- Interim Technical Report,

THIOCYANATE COMPLEXED POLY(ETHYLENE OXIDE), 6. PERFORMING ORG. REPO"T NUmUtR

7. AUTHOR(@) S. CONTRACT OR GRANT NUMBER(@.)

JOHN J. FONTAriELLA AND MARY C. WINTERSGILL NOO14-83-AF-OOO01

9. PERFORMING OGANIZAT'ION NAME ANO ADDRESS 10. PROGRAM ELEMEN' PROJECT. TASK

.A PtFA & WORK UNIT NUMBERS

Physics Department
U. S. Naval Academy NR No. 627-793
Annapolis, MD 21402

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Office of Naval Research January 1983

Attn: Code 413, 800 N. Quincy St. 1S. NUMBER OFPAGES

Arlington, VA 22217
14. MONITORING AGENCY NAME a AODRESS(t dfferent fIm Conlrollild Office) IS. SECURITY CLASS. (of thle "_elt)

IS.EC L ASSI l ATION/ DOWN
iGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of tlhie Repor()

Approved for public release and sale.
Distribution unlimited.

17. DISTRIBUTION STATEMENT (o1 the obselr# entered In Block 20, It diflerent be Repae)

Il. SUPPLEMENTARY NOTES

The paper will appear in Solid State Ionics

19. KEY WORDS (Continue on revees side ii neoeooEy 1Eo identitl by block nstbor)

Solid electrolytes, polymer electrolytes, Poly(ethylene oxide),
polymer salt complexes, electrical relaxation spectroscopy

4 80. ABSTRACT (Continue on reveree *#do it noceaeev end Identily by block number)

Audio frequency complex admittance and DSC studies have been performed
on pure poly(ethylene oxide)(PEO) and PEO complexed with alkalai metal
thiocyanates over the temperature range 5.5-380K. The dielectric constant
of the complexed materials is found to be greater than for pure PEO. A
discontinuity in the conductivity is found which increases in temperature
as the size of the cation increases. In every case, the discontinuity is
associated with a feature in the DSC results. Next, some evidence is given

DD lAM 1473 EDITION O I NOV IS IS oSSoIET9

S/N 0102-014-601 1 SECURITY CLASSIFICATION OF THIS PAGE (2914 Dal0 11 ibeO)

d'



.- 1iTy CLASSIFICATION Or THI PAGFrItho.n [)sea Fntfaod)

that water may enhance the formation of amorphous complexed PEO. In pure
PEO, a and y relaxations are observed in good agreement with previous work.
A thermal anomaly is found corresponding to 0a. In addition, ac is
identified in pure PEO. Very little difference is found for the y
relaxation between pure PEO and PEO-LiSCN and PEO-NaSCN. For PEO-KSCN, three
distinct peaks are found in the y relaxation region. These results are

* consistent with a tg~t - tgt transition interpretation for y where the
cations reside within the helical channels at low temperatures.

7

SECURITY CLASSIFICAION OF THIS PASS(UMOMf D614 Entered)

[


